



Water Systems in the Anthropocene
Jason M. Kelly
This essay introduces some major ideas and concepts relating to transdisciplinary
approaches to Anthropocene river systems. The first section is a historical case
study of George Catlin, an artist who traveled throughout the Great Plains in the
1830s. Catlin’s writing embodies popular 19th-century ideas about ‘‘pristine’’
natural states which have continued to shape environmental thought into the 21st
century. By exploring Catlin’s descriptions of the Hidatsa, a community at the
confluence of the Knife and Missouri Rivers, it shows the importance of inte-
grating human-nature entanglements into studies of anthropogenic environmental
change. Key to understanding these changes are cultural and socio-political
structures that shape and are shaped by the environment.
The second part of this essay uses the example of the Cochabamba Guerra del
Agua in 2000 to examine human-nature entanglements in transboundary water
systems. Specifically, it considers the ways that human systems at multiple scales
define boundaries, shape policy, and transform environments. Rather than simply
focus on transboundary water systems as physical presences, it argues for the
importance of expanding the definition of ‘‘transboundary’’ to include non-phys-
ical systems, including sociocultural structures and practices.
The two case studies are not meant to be exhaustive. Rather, they are surveys
meant to exemplify the complex intersections of cultural, economic, and political
interests around water resources in the Americas. They demonstrate current
scholarly thinking related to human-nature entanglements and transboundary water
systems. For more information on each of the case studies, the reader is directed to
the bibliography.
Rivers and their ecologies are not simply natural systems; they are human
systems as well. They shape human societies even as they are shaped by them. In
fact, separating human and environmental systems is an artificial division which is
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a product of historically constituted epistemological categories. (Castree and
Braun 2005; Cronon 1996) Riverine ecologies emerge from a series of complex
interactions between the atmosphere, hydrosphere, lithosphere, and biosphere. In
the age of the Anthropocene, these biophysical systems have been dramatically
affected by one species: humans. As a result, the study of anthropogenic
biophysical processes has become a key area of focus for scientific research.
However, the majority of studies focus on the consequences of human action, not
on the systems driving human actions. In other words, researchers are increasingly
gathering information about the effects of human-induced environmental change,
but they are at the earliest stages of linking effects to causes.
Understanding the causes of anthropogenic environmental change requires the
techniques developed in the social sciences and humanities. Anthropogenic
changes result from patterns of human behavior, which are shaped and reshaped by
sociocultural systems. For example, cultural beliefs can limit responses to eco-
logical crises and therefore contribute to environmental feedback loops.
A complex network of disparate systems and objects are linked at the human-
riverine interface, connected by a chain of historical material and sociocultural
structures. This interrelation is what we might call an entanglement. (Hodder 2011,
2012; Latour 2005; Malafouris and Renfrew 2010; Demarrais et al. 2004) In the
Anthropocene, when humans have had an increasingly powerful effect on global
riverine environments, these entanglements are ever more apparent. As Matt
Edgeworth has recently argued, ‘‘If the river ever was entirely a natural entity, it
has long since been at least partially honed to fit human projects. If it ever was
wholly wild and untamed, it has long since been at least partially domesticated.
And if it ever was merely an environmental entity, it has long since become part of
the cultural landscape’’ (Edgeworth 2011, 14).
Transdisciplinary approaches, which connect the strengths of the sciences,
social sciences, and humanities, are more likely to result in a comprehensive
understanding and sustainable solutions to human-induced environmental change,
because they can better understand the entanglements of environmental systems
and human systems. This perspective has been articulated by several research
groups including IHOPE, the Integrated History and Future of People on Earth
which is a project of the International Geosphere and Biosphere Programme
(IGBP), and UNESCO’s International Hydrological Program (Costanza et al.
2007, 2012; Davies and M’Mbogori 2013; Hassan 2011; Hibbard et al. 2010;
Hornborg and Crumley 2006; Mosley 2006; Sörlin 2012). In 2012, the European
Science Foundation, Strasbourg and European Cooperation in Science and Tech-
nology, Brussels commissioned a report, titled RESCUE, which argued for more
conceptual and methodological disciplinary integration (Jäger et al. 2012). RES-
CUE argued that the social sciences and humanities have been auxiliary to
scientific environmental research—despite long decades of work in the environ-
mental social sciences and humanities. And, while some social science research,
including human population patterns, economies, and governance frameworks, has
been integrated into scientific research, valuable insight from ethnography, social
and cultural history, environmental ethics, and postcolonial literary criticism has
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remained peripheral. Bridging this divide will require projects that address the
‘‘two culture’’ problem directly, a task targeted by such collaborations as the
Rivers of the Anthropocene project (rivers.iupui.edu).
In 1830, George Catlin, a Pennsylvania-born artist, arrived in St. Louis looking
for fame and fortune. There, he sought the patronage of General William Clark, the
U.S. Superintendant of Indian Affairs. A connection to General Clark was no mean
feat. Clark was the famed explorer who—with Meriwether Lewis, Sacagawea and
the ‘‘Corps of Discovery’’—made a three-year transcontinental trek to the Pacific
Ocean in 1804. In addition to connecting Catlin to networks of other patrons, Clark
eventually helped him gain passage aboard the steamship Yellow Stone in 1832
(Dippie 1990). The voyage was meant to prove the ‘‘practicability of steam nav-
igation’’ on the Missouri River, and it traveled as far north as Fort Union, 2,000
miles upriver from St. Louis (Buckingham and Buckingham 1832). Its success
hastened the expansion of U.S. economic and imperial endeavors into the upper
portions of the Louisiana Purchase. For his part on the voyage, Catlin took the
opportunity to record ethnographic observations, topographical landscapes, and
portraits of the indigenous peoples whom he encountered, eventually translating
them into a series of books. Often capturing the mood of his contemporaries—
philosophers, artists, and scientists alike—his publications saw the peoples and
places of the American West through a lens of romantic sentimentality:
And what a splendid contemplation too, when one (who has travelled these realms, and
can duly appreciate them) imagines them as the might in the future be seen (by some great
protecting policy of government) preserved in their pristine beauty and wildness, in a
magnificent park, where the world could see for ages to come, the native Indian in his
classic attire, galloping his wild horse, with sinewy bow, and shield and lance, amid the
fleeting herds of elks and buffaloes. (Catlin 1850).
His descriptions are visions of unspoiled nature, which in its wildness was
beautiful and worthy of preservation. In many ways, Catlin was a product of his
time, but his statements demonstrate ideas that remain central to the construction
of environmental discourse into the 21st century. (Anderson 2002).
In discussing the environment, Catlin followed the classical European dis-
tinction between the human and the natural worlds, which became increasingly
important in the writings of seventeenth and eighteenth-century natural philoso-
phers. ‘‘Nature’’ was that realm which existed beyond the artifice and invention of
human societies. To Catlin and his contemporaries, nature could exist in a pure
state. Untouched by humans, it could be ‘‘pristine’’. The value of preserving and
protecting pristine nature was an important philosophical stance among 19th-
century Romantics, who recoiled from the excesses of urbanization and industri-
alization. A corollary to this notion of the purity of untouched nature was the idea
that some humans—groups designated by the Europeans as innocent, unchanging,
and uncorrupted by society, such as the Tahitians and James Fenimore Cooper’s
Mohicans—could live harmoniously in a state of nature. As with the pristine state
of flora and fauna, writers such as Cooper and Catlin, argued that ‘‘natural man’’
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was similarly threatened by imperialism, Indian removal policies, and assimila-
tion. Catlin went so far as to muse about a ‘‘magnificent park,’’ which would bound
and protect them.
This bifurcated approach to nature, in which humans either lived outside of it or
in harmony with it, simplified the complex historical relations that humans have
with their environments. Catlin was just one of many who ignored evidence of the
substantial human-induced ecological impacts—even those by non-urbanized and
unindustrialized communities. For example, Catlin’s description of the Missouri
River, the riparian ecology, and the prairie was one of nature in balance, full of
rich alluvial soils and dotted with ‘‘luxuriant forest timber’’ (Catlin 1850).
Settlements, such as those of the Hidatsa at the confluence of the Knife River and
Missouri River, were communities in physical and spiritual balance with their
surroundings.
Below this veneer however were the centuries-long processes of anthropogenic
biophysical forces. The Hidatsa, for example, were one of many groups which
practiced swidden agriculture, burning tracts of land to clear their fields. They also
used controlled fires to burn grasses which would attract buffalo to new growth
(Anderson 2002; Courtwright 2011). The ‘‘natural’’ grasslands were, in fact,
environments created by humans. The change in flora altered the fauna as well.
Archaeological evidence suggests that there was an influx of Deer Mice (Pero-
myscus) into the Hidatsa settlements after the 17th century. Part of this is attrib-
utable to climate change, but Hidatsa land use and grain storage also played a
significant role (Ahler et al. 1993). As a ‘‘fire positive’’ species—meaning that it
thrives in fire-prone ecologies—the Deer Mouse population was aided by human
induced prairie fires (Kaufman and Kaufman 1997).
The Hidatsa leaders explained to Catlin that the Deer Mice were out of control
by the 1820s, destroying their clothes and infesting their stores. However, the
arrival of a new species—likely the long-tailed weasel—to the Hidatsa villages
introduced a new predator into the local ecology. According to Catlin, the leaders
saw no need to control the weasels, which quickly reduced the Deer Mouse
population, as it seemed a blessing from the ‘‘Great Spirit.’’ However, since the
weasel thrived in riverine environments, their numbers skyrocketed. The Hidatsa
soon found the food in their caches, or storage cellars, eaten. The floors of their
houses even began collapsing from the burrows. (Catlin 1850) According to an
official from the American Fur Company, their traders had been responsible for the
introducing the weasels when the animals had escaped the company’s keel boats.
The example of the Knife River Hidatsa community demonstrates the ways that
human systems and natural systems are entangled. The prairie itself was main-
tained over millennia by indigenous peoples who used fire to shape their ecologies
(Abrams and Nowacki 2008). The alluvial soils at the river confluence made the
location an ideal one for agriculture, encouraging human settlement. And, a
combination of changing climate and human land use patterns reshaped the fauna.
With the arrival of Europeans with interests in fur trading and imperial expansion,
the river became a central artery for ecological exchange.
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The choice of the Hidatsa for their settlement and their continued mix of
sedentary agriculture and hunting patterns were not simply environmentally pre-
determined either; they were the result of sociopolitical forces at the regional and
international levels. The Knife River confluence put them at the center of a vast
trading network in which they had become important agricultural exporters and
traders by the mid eighteenth-century. Their emphasis on agriculture meant that
they remained sedentary even as other groups in the Plains region became nomadic
due to the social transformations effected by horses and guns. The expansion of
European and American empires and the instability caused by Old World tech-
nologies, fauna, and disease not only reduced their population, but stifled their
expansion and movement. Likewise, competition for the control of European
trade, with groups such as the American Fur Company and Hudson’s Bay
Company, heightened rivalries among regional groups. By the 1830s, the Hidatsa
were hemmed in on the west and south by the Lakota (Calloway 1982; Hanson
1986; Martin and Szuter 1999). But, their position on the Missouri River system
meant that the American Fur Company established an important post nearby
(Wishart 1992). And, with the trade came the potential for invasive species, such
as the weasel.
Catlin’s writing represents how powerful the trope of ‘‘pristine’’ natural states
was in nineteenth-century—a trope that continues to permeate popular environ-
mental discourse in the 21st century. Catlin argued for the preservation of a
‘‘natural’’ state even as his descriptions revealed significant anthropogenic effects
on the Missouri and Knife River ecologies. And, in fact, these ecologies were part
of a broader, international network of human activities that ranged across cultures
and continents. Competition between rival groups—the Lakota, the British, the
Hidatsa, and the Americans—for control of territory and trade meant that this
section of the Missouri River would both shape their activities and in turn be
reshaped by them.
Examining rivers as human-nature entanglements necessitates that we see them
as complex, dynamic structures that include both material and non-material sys-
tems. In effect, they are geomorphological, biophysical, and sociocultural systems.
This observation has implications that go to the heart of research questions and
methodologies as well as environmental policy. Examining a river as a natural
system means studying it as a complex ecology of interdependent non-living and
living components. A river is not simply determined by flows, drainage systems, or
basins; it is also a biological entity that is deeply entwined with regional flora and
fauna, including humans. As part of this riverine ecology, humans make multiple
demands on it. These demands emerge from technological, economic, social, or
cultural needs and include sanitation, flood control, transportation, recreational
space, sacred space, aquaculture, and wastewater runoff channels. As humans use
rivers, they impose sociocultural frameworks on river systems, which include
political, scientific, religious, economic, and ideological components. These
sociocultural frameworks help determine human activities and can facilitate or
limit actions, and consequently are key to understanding rivers as human-nature
entanglements.
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Take for example the notion of a transboundary water system. A transboundary
system denotes a geomorphological structure that cuts across boundaries—typi-
cally those of a nation-state. However, in the age of the Anthropocene, a host of
environmental factors, including non-point pollution and climate change, mean
that even water basins bounded within a single nation-state can be affected directly
by extraterritorial policies and actions. Furthermore, sociocultural frameworks can
have both local and transnational aspects. For example, geopolitical agendas in
one part of the world might determine (or at least direct) the water policies of a
nation in another part of the world. Because of this, it is useful to designate two
forms of transboundary water systems: contiguous and non-contiguous. A con-
tiguous transboundary water system is one shared by two contiguous states. An
example would be the Colorado River, which is shared by the United States of
America and Mexico. A non-contiguous transboundary water system is one which
is physically bounded within a state but which is embedded in a transnational
sociocultural system. An example would be the Yangtze River in China, which is
at the center of international debates over the environmental, human, and cultural
consequences of damming rivers (Lee 2013).
Bolivia’s Guerro del Agua of 2000 highlights a number of ways in which
transnational sociocultural systems are entwined with local water systems and are
central to understanding both human-nature entanglements and addressing policy
issues. In 2000, Cochabamba, Bolivia was a city of approximately 500,000 people
and growing. Situated in a valley in the Andes, it was the 3rd largest city in the
country. As an industrial hub and center for migration, its recent history had been
one of continuous demographic growth. However, the city’s infrastructure did not
keep pace with growth, leading to unequal access to public resources such as
water. And, despite the fact that the name Cochabamba is derived from ‘‘Kucha
Pampa’’—the Quechua word for swampland—deforestation, drought, and an
overburdened water table meant that water was a precious commodity. (Shultz
2008).
To obtain water, residents relied primarily on three means. About 50 % of the
residents were supplied by the Servicio Municipal de Agua Potable y Alcanta-
rillado (SEMAPA), which administered the public reservoirs, wells, and sanitation
system. SEMAPA’s system provided better service to wealthier districts, which
left poorer neighborhoods to rely on water delivery trucks and rain barrels. Outside
of the urban core, many residents obtained water from cooperative wells and water
delivery systems. Farmers had even challenged SEMAPA over where it drilled
wells because it lowered the water table and threatened their access to freshwater.
In 1997, they organized the Federación Departamental Cochabambina de Regantes
(FEDECOR), which aimed to protect customary and communal water rights—usos
y costumbres. (Perreault 2008) In effect, Cochabamba was an amalgam of local
water management regimes, which would soon be caught up in transnational
economic policies.
In the 1980s, Bolivia’s national debt and inflation—the product of military
rule, financial mismanagement, and subsequent instability—led the Bolivian
government to pursue a regime of neoliberal economic reforms, including the
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privatization of the national infrastructure (Kohl 2006). Set into motion by the
Decreto Supremo 210601, the policies helped the Bolivian government delay loan
repayments and guarantee new loans from the IMF and the World Bank. A letter of
intent to the IMF in 1998 promised to privatize ‘‘all remaining public enterprises’’
(Müller and Morales 1998). The following year, the World Bank explicitly tar-
geted the public water system in Cochabamba, noting that it should be privatized.
As part of the restructuring, water fees would go up to pay for building the
Misicuni Multipurpose Project, which was meant to provide electricity and
freshwater through damming the Misicuni River. The World Bank report stated
that no public subsidies should be used ‘‘to ameliorate the increase in water tariffs
in Cochabamba. (World Bank 1999).
Compliance with the World Bank recommendations promised economic aid for
the government. Within months the Bolivian government granted a single-bid
contract to Aguas del Tunari, which was owned by the Bechtel Corporation
subsidiary International Water Limited as well as several Bolivian companies with
links to the Bolivian government. (Nickson and Vargas 2002 fn 10). The deal gave
Aguas del Tunari a 40 year contract to run the water system with a promise of an
average 16 % annual return on investment. These conditions meant that the
average consumer saw an increase of 35 % in their water bills, but some saw
increases as high as 300 %. For many of the poorest, these increases were nearly
impossible to pay. Meanwhile the government passed legislation—(Ley 20292:
Ley de Servicios de Agua Potable y Alcantarillado Sanitario)—which commer-
cialized the water supply and threatened the usos y costumbres of local coopera-
tives. (Assies 2003).
The reaction to these moves was quick and potent. Roads were blockaded by
FEDECOR in protest, and this was soon followed by an alliance with the Fed-
eración de Trabajadores Fabriles de Cochabamba—an engagement that led to the
creation of the Coordinadora de Defensa del Agua y de la Vida. Confrontations
with the government centered on several concerns: the cost of water, the usos y
costumbres, and anti-neoliberal sentiment. Government repression and violence
was met with mass protest and resistance, eventually leading the government to
end the contract with Aguas del Tunari and integrating the Coordinadora de
Defensa del Agua y de la Vida into the management of SEMAPA.
Understanding the water war in Cochabamba requires an understanding of both
the local environmental conditions as well as the transnational sociocultural
frameworks in which it exists. While representatives on all sides were aware of the
need for addressing the water supply issue, ideological positions helped determine
solutions. There were three primary ideological frameworks for addressing the
water system in Cochabamba: neoliberal market mechanisms, social democracy,
1 Decreto Supremo 21060, 29 August 1985. http://www.gacetaoficialdebolivia.gob.bo/normas/
buscar/21060. Accessed July 11, 2014.
2 Ley 2029, 29 October 1999. http://www.lexivox.org/norms/BO-L-2029.xhtml. Accessed July
11, 2014.
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and the moral economy of the usos y costumbres. Each was concerned, in its own
way, with ameliorating the problems facing the city’s residents—from poor san-
itation to the absolute scarcity of water. The World Bank in alliance with the
government, sought to address the problem by imposing an economic model that
they imagined would boost economic growth through the market economy. Social
democrats rejected privatization out-of-hand, preferring a state-based solution that
would answer to the people. Those arguing for the usos y costumbres preferred a
locally based program tied to community needs. Consequently, the local material
conditions, which had been created by environmental and anthropogenic pro-
cesses, were tied to transnational ideological debates, power struggles, and global
economics. As such, the water system in Cochabamba was an transnational
entanglement of environmental, social, political, technological, and cultural
expectations and practices.
The short case studies described above only hint at the complex sociocultural-
environmental entanglements that are central to the Cochabamba and the Missouri
water systems. Only a transdisciplinary analysis of these entanglements—one that
blends scientific knowledge of earth systems with social scientific and humanistic
knowledge of human systems—is likely to get at the complex material and
non-material interrelations and feedback mechanisms inherent to the system. This
means that new transdisciplinary conceptual and methodological frameworks are
necessary for studying anthropocene environments and developing policies to
mitigate anthropogenic environmental impacts. New approaches will need to pay
close attention to the role of human agency and the construction of sociocultural
systems at multiple scales in order to understand the mechanisms by which
sociocultural systems converge with environmental systems. Doing so will allow
scholars to understand not only the effects of anthropogenic environmental change,
but the processes that drive human behavior and action.
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